Activation of the c-fos enhancer by the erk MAP kinase pathway through two sequence elements: the c-fos AP-1 and p62TCF sites.
The c-fos enhancer can be activated by many signaling pathways through distinct elements of the enhancer. The enhancer contains at its core the serum response element (SRE) that binds serum response factor (SRF). On the 5' side of the SRE is a site for p62TCF which binds only when SRF is bound as well. p62TCF is encoded by three ets-related genes, Elk-1, SAP1 and SAP2. Each of these factors contain a transcriptional activation domain that is activated by phosphorylation by MAP kinases. On the 3' side of the SRE is the 'c-fos AP1 site' (FAP1) whose role has been less clear. We find here that the FAP1 site contributes strongly to phorbol ester (TPA) and Erk MAP kinase activation of the c-fos enhancer and that both the p62TCF and FAP1 sites are required for effective activation of the enhancer. We further find that the FAP1 site binds ATF1 and CREB from HeLa nuclear extracts and that the phosphorylation of these factors is induced by TPA. ATF1 and CREB can be phosphorylated by Rsk2 which is a protein kinase directly activated by Erk MAP kinases. These results suggest a signaling pathway in which Erk MAP kinase activates the c-fos enhancer by direct phosphorylation of p62TCF and by activation of Rsk related kinases that phosphorylate ATF1 and CREB.